Attention deficit hyperactivity disorder (ADHD) is a common neurobehavioral problem afflicting 5-10% of children and adolescents and persisting into adulthood in 30-50% or more of cases.
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One hundred and thirty-three families with ADHD were available for study: 84 families contributed two or more affected ADHD siblings while 49 families contributed a single affected ADHD child. The distribution of family type, number of ADHD individuals, and parental information are shown in Table 1 .
Parental blood for genotyping was available for 163 parents in the ASP families (five parents unavailable) and 87 parents of the single cases (11 parents unavailable). Among 250 genotyped parents, the allele frequencies for the VNTR repeats were as follows: 2 Analyses include all affecteds unless otherwise specified.
(9%), 3 (3%), 4 (64%), 5 (1%), 6 (1%), 7 (21%), and 8 (1%). As expected based on epidemiologic studies of ADHD, 1 co-morbid psychiatric disorders were common with the following distributions observed in the 220 affecteds: conduct disorder (21%), oppositional defiant disorder (42%), mood disorders (18%), and two or more anxiety disorders (19%).
Using the TDT in the 133 families, the 7-repeat allele was transmitted significantly more often than an alternative allele (Table 2) , with significance levels slightly greater than the 0.01 level recommended for a replication by Lander and Kruglyak. 14 The attributable risk for the 7-repeat allele is 1.5 based on the observed transmitted and non-transmitted proportions. 13 As shown in Table 2 , the attributable risk of the 7-repeat allele was approximately 1.5 in TDT analyses across diagnostic classifications, probability levels, sex of the ADHD child, and in the subset of families of Caucasian ancestry. The results were similar for DSM- We also examined segregation of the 7 allele in a subset of 30 unaffected siblings in 24 of these same families. Among 25 informative meioses, there was no difference in the distribution of the 7-repeat allele among those transmitted vs not transmitted. However, the 7-repeat allele was less represented among transmitted (9/25) than non-transmitted alleles (16/25) in these meioses, a direction consistent with the hypothesis that the 7-repeat allele attributes a risk to ADHD. There were no other alleles at this VNTR that were more often transmitted to unaffected siblings than not (multiple allele McNemar TDT, P = 0.21).
In Table 3 , the distribution of the alleles, transmitted and non-transmitted, in the ADHD offspring among the 133 families are presented for comparison with other studies.
An allele-wise extended McNemar test is not significant (P = 0.15) suggesting that no other allele at this VNTR shows a distortion from the null hypothesis or that power to detect such differences is low in the current sample.
Using the 84 ASP families, we tested linkage of the VNTR polymorphism and ADHD by comparing the observed rate of IBD sharing () with that expected under the null hypothesis ( = 0.5) for each informative meiosis. Eighty-nine informative meioses were available to evaluate IBD status in the ASPs. The overall rate of IBD sharing, = 0.57, was not significantly greater than that expected by chance alone. However, when the 89 informative meioses were stratified into those with (n = 44) and without (n = 45) the 7 allele, a trend emerged with increased IBD sharing among ASPs from parental meioses in which the 7 allele is present ( = 0.63, P = 0.07) but not among ASPs, from parental meioses heterozygous for alleles other than the 7 ( = 0.51, P = 0.88). These data further suggest that the 7-repeat allele is likely the risk allele in the pathogenesis of ADHD. When we compared ADHD children with and without the 7-repeat allele (sampling one child per family) for ADHD severity based on the number of positive symptoms, no differences were evident (data not shown). This is in contrast to LaHoste and colleagues 9 who found that ADHD children with the 7 allele had higher symptom scores than those without the 7 allele. The lack of positive findings in our sample may reflect a smaller effect size for the 7 allele in the current sample, which is largely composed of multiplex families, or a false positive finding in the previous study.
In the current sample of largely multiplex families, we find evidence that the 7-repeat allele is transmitted to affected offspring more than non-7 repeat alleles suggesting that the 7-repeat allele is a susceptibility gene in ADHD. This finding replicates two previous studies in which an association of the 7-repeat allele and ADHD was reported using case-controls 9 and familybased controls. 11 However, the attributable risk of the 7-repeat allele in the current sample (1.5) is less than that reported in either of the two previous studies (greater than 2). This finding suggests that either the effect size in the previous investigations was inflated or that the role of the 7-repeat allele is smaller among largely multiplex families (ie families containing ASPs). Among ASPs, we found no evidence of increased IBD sharing at the DRD4 locus which may reflect the lower power of IBD-based methods to detect a minor susceptibility gene effect. 13 Furthermore, although the 7-repeat allele appears to contribute a risk of ADHD in the present sample, there are numerous DNA sequence variants 15 within the 7-repeat allele and which specific allelic variants attribute a risk to this disorder is as yet unknown.
Methods
Families were identified through two studies. Fiftyfour families were selected from a previous family study of ADHD in which ascertainment was through an affected child-of these families, 17 had at least one ASP available for linkage analyses. An additional sample of 79 families was identified in an ongoing molecu-lar genetic of ADHD in which ascertainment is through two affected siblings. Of these families, 67 contributed at least one ASP while 12 families contributed only a single ADHD child because one failed to meet diagnostic criteria (n = 7), the blood draw was unsuccessful (n = 3), or genotyping failed (n = 2). Informed consent was obtained from all parents and children participating in this research. Lifetime diagnoses of ADHD using DSM-III-R 16 and DSM-IV 17 were made using a semistructured interview, KSADS-E 18 modified for DSM-IV (used in the early study) or the KSADS-PL 19 (used in the ongoing study). ADHD symptoms were generated from interviews with the child's mother followed by a direct interview with the child if 8 years of age or older. Teacher and parent rating scales were used to supplement the direct interview and determine ADHD diagnoses. All interviews were conducted by clinical psychologists or highly trained clinical interviewers familiar with ADHD and inter-rater reliability (kappas) exceeded 0.95 for all ADHD diagnoses. Consensus diagnoses were obtained from a review of the clinical interview and parent-teacher questionnaire information by a diagnostic panel consisting of the clinical interviewers, child psychiatrists (DC, JM), and/or psychologists (JA). A definite ADHD diagnosis was made if all criteria were met as specified under DSM-III-R or DSM-IV. A probable diagnosis was made if a subject fell one symptom short (including age of onset) but impairment criteria were met. Full scale IQ was determined for affected offspring using age appropriate standardized tests, WISCIII 20 or the WAIS-R. 21 The mean age of the 220 affected children is 10.9 (s.d. = 3.6) and full scale IQ is 103.8 (s.d. = 15.5) with IQ not assessed in 25 cases (drawn from the earlier study). Thirty unaffected siblings (mean age 11.4, s.d. 3.2) from 24 families were evaluated using the previously described diagnostic procedures (with the exception of cognitive testing) and blood was available for genotyping. The families are largely Caucasian (80%) and distributed across Hollingshead 22 SES classes as follows: I (17%), II (34%), III (33%), IV (14%) and V (2%).
The asymptotic McNemar test was used to test for linkage disequilibrium of the 7-repeat allele and ADHD in the sample of 133 families using the TDTEX program from the SAGE package. 23 The asymptotic McNemar test available in TDTEX was used to obtain an extended TDT for multiple alleles. Multiple affected siblings per family were included in the TDT as independent affected-parent trios as described by Spielman and collegues. 12 Attributable risk of the 7-repeat allele based on TDT results was determined following Risch and Merikangas. 13 IBD sharing among ASPs was computed using ASPEX. 24 Transmission of marker alleles from one informative parent to a pair of affected siblings was determined and the mean number of alleles IBD from all informative parental meioses computed. The mean test comparing the observed and expected IBD sharing rates and applying the normal approximation was used, a procedure which has been shown to provide the most powerful test of IBD sharing. [25] [26] Genotype and phenotype data were entered and checked using double-entry verification procedures. Genotype inconsistencies were identified using LINK-AGE version 5.1. 27 Five families (4%) were identified as genotype inconsistent due to likely non-paternity (four families) and a possible sample mix-up (one family) and excluded from all analyses. Univariate analyses were conducted using programs in SAS version 6.12.
28
Blood samples were collected from each family member and DNA was isolated using the Puregene Kit following the manufacturer's recommendations (Gentra Systems, Minneapolis, MN, USA). A polymorphic region in the DRD4 gene consisting of a variable number of 48-bp repeats was scored by PCR with primers flanking the repeat sequence. 29 PCR amplification was performed in 12.5-l reactions containing 60 ng genomic DNA, 10% DMSO, 400 M dNTPs, 0.8 M each primer, 10 mM KCl, 20 mM Tris-HCl (pH 8.8), 10 mM (NH 4 ) 2 SO 4 , 0.1% Triton X-100 and one unit Vent DNA polymerase (New England Biolabs). The primers used were D4-3 5Ј (GCG ACT ACG TGG TCT ACT CG)3Ј and D4-42 5Ј (AGG ACG CTC ATG GCC TTG) 3Ј (Operon, Alameda, CA, USA). Using the MJ Research PTC-100 thermal cycler, DNA was denatured at 98°C for 4 min, followed by 32 cycles of 94°C (1 min), 54°C (30 s), 72°C (2 min) and a final extension at 72°C for 7 min. Final PCR produces were electrophoresed in a 2.5% Nu Sieve agarose gel in 1× TBE buffer for 2.5 h at 100 volts. The gels were ethidium bromide stained for 30 min and destained in dH 2 O for 1 h. Alleles were determined by comparison of bands to known molecular weight standards.
